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STUDIES ON THE CHEMICAL COMPOSITION OF
PSORIATIC SCALES*
VICTOR R. WHEATLEY, Pn.D. AND EUGENE M. FARBER, M.D.
The scales from psoriatic subj ects have been
subjected to various chemical investigations.
Gruneberg and Szakall (1) first demonstrated a
defect in the water soluble components of the
scales. Flesch and Esoda (2), in an extensive series
of publications, confirmed and extended these ob-
servations. Roe (3) demonstrated abnormalities
in the soluble proteins, while Cornish et at.
(4) studied the distribution of lipids and free
amino acids. The present investigation is an at-
tempt to fill in certain gaps in our knowledge of
the chemistry of the psoriatic scale. An attempt
has been made to obtain a more complete picture
of the composition of the scales and particular
attention has been paid to the detection of bases
and other breakdown products of nucleic acids.
MATERIALS AND METHODS
Scales
These were collected from patients in various
phases of the disease, both before, during and
after treatment. Precautions were taken to avoid
external contamination of the scales.
Extraction
The extraction of various components of the
scales followed the scheme outlined in Fig. 1.
The collected scales were soaked in ether at room
temperature, several changes of ether being used,
for a total period of 36 hours. The lipids were
recovered from the ether extract and purified by
passage through chloroform. The dry fat-free
scales were then soaked in distilled water (in the
proportion 10 ml./gm. of dry fat-free scale) for 18
hours. The mixture was shaken occasionally dur-
ing this period, but, in order to prevent any
further breakdown of proteins or nucleic acids
originally present in the scales, mechanical agita-
tion was avoided. For the same reason mechanical
grinding of the scales prior to extraction, or
homogenization with the water, were also avoided
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(cf. 5). At the end of this period, equilibrium was
reached between the water phase and the scales.
The aqueous extract was then separated by
centrifuging and set aside for further investiga-
tion. The separated scales were soaked for a
further period in distilled water and again sepa-
rated by centrifuging. This second extract was
discarded. The water extracted scales were then
soaked for several hours in 60% ethanol to remove
nueleotides and nucleosides and then separated
by centrifuging. The 60% ethanol extract was
not further studied at this stage of the investiga-
tion. The nucleic acids were then extracted by
means of 0.1 M sodium citrate solution at 1000 C.
The residual scales were recovered by centrifuga-
tion and washed with further cold citrate. The
citrate extract and washings were pooled and set
aside for further investigation. After citrate
extraction the residual scales were soaked in 10
M urea solution to remove SH-keratins, and
washed centrifugally with further urea solution.
The urea extract was dialysed against water until
the SH-keratin precipitated out. This precipitate
was collected and weighed. The residual scales,
after extraction with urea solution, were dialysed
free from urea, dried and weighed.
Chemical Determinations
(a) Lipid components. Determinations of acid
number, sterols, lipid phosphorus and saponifica-
tion followed methods used in other work (6).
The separated fatty acids were converted into
their methyl esters by treatment with methanol
and H2 SO4 and analyzed by gas chromatography.
A Barber-Colman Model 20 Gas Chromatograph,
fitted with a 100 ft. Apieson L coated stainless-
steep capillary column, was used for this analysis.
A total sample of about 5 pg. was used for this
analysis, the column was operated at a tempera-
ture of 204° C with a flow rate of 0.3 ml.
argon/mm.: under these conditions an efficiency
of 40—50,000 theoretical plates was obtained
(measured at the C,6 peak).
(b) Water-soluble components. Total water
soluble material was obtained by weighing the
residue left after evaporating a portion of the
extract to dryness in a vacuum dessicator. Total
N, non-protein N, urea N and ammonia N were
determined by Conway methods (7). Total and
inorganic phosphorus were determined by the
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Fm. 1. Schematic diagram of the fractionation
procedure for psoriatic scales
method of Fiske and SubbaRow (8), pentose by
the orcinol method (9), desoxyribose by the
Dische method (10), total free reducing substances
by the Folin and Wu method (11) and 'uric acid'
by the method of Steel (12). All the latter deter-
minations, except total F, were performed on
protein-free solutions prepared by either the
tungstic acid or trichloroacetic acid method.
Paper chromatography in a variety of solvent
systems was used to further study the nature of
the water-soluble components of the scales. For
the study of the nucleic acid bases the system of
Wyatt (13) was principally used, and the spots
located by means of a cold quartz HY lamp ('chro-
matolite'). In some experiments the spots were
clutcd with 0.1 N HC1 and their UV spectra
plotted manually using a Beckman DU Spectro-
photometer. It was found that accurate quantita-
tive determinations were only obtained when a
chromatography tank with all-glass fitting was
used. Such determinations were possible only on
a limited number of specimens. Other solvent
systems used in the paper chromatography were
butanol : acetic acid: water (12:3:5; descending),
isopropanol : water (4:1; ascending), isopropanol:
pyridine:water:acetic acid (8:8:4:1; ascending)
and isopropanol : ammonia: water (20:1:2; ascend-
ing). The spots were located by dipping the papers
in ninhydrin (amino acids); diphenylamine-
aniline, Silver nitrate-sodium hydroxide or aniline-
phthalate (sugars); Ehrlich's reagent (indoles,
etc.); ferric chloride (phenols); silver nitrate-
bromophenol blue (purines); ammonium molyb-
date (phosphates), using techniques described by
Smith (14).
(c) DNA and RNA. DNA was determined by
the Dische method and RNA by the orcinol
method on portions of the citrate extract. The
nucleic acids were then precipitated from the
remainder of the extract, after adjusting to p114
with acetic acid, by the addition of two volumes
of ethanol. The precipitate was dissolved in
citrate solution, re-precipitated, dried, weighed
and set aside for further investigation.
RESULTS
Nineteen specimens of scales obtained from 'ben
patients suffering from psoriasis and a pooled
sample (from three subjects) were fractionated
and analyzed. Five samples of callus were also
analyzed, two of these were samples from indi-
vidual subjects, while the other three were pooled
samples from two, three and nine individuals re-
spectively.
All samples were extracted free from lipids and
the water soluble fraction obtained, but only
with the larger samples was the complete frac-
tionation possible. A proportion of the samples
were also obtained from subj ects receiving topical
therapy, such specimens would be grossly con-
taminated with lipid materials and the lipid
analyses obtained are of little value. The lipid
analyses of scales of untreated subjects only have
therefore been reported.
Lipids
The over-all composition of the lipids from
specimens of psoriatie scales and normal callus is
presented in Table I. These results are in general
agreement with previous work (4, 6). The lipids
from psoriatie scale have a higher phophospho-
lipid content than callus. Considerable variations
in the sterol content of both scale and callus were
observed but the results indicate that the scales
have a higher free and lower ester cholesterol con-
tent than callus. Appreciably higher values for
fast-acting sterol than those reported by Reinert-
son and Wheatley (6) were observed, the reason
for this is not clear and may be due to extreneous
contamination.
Examination of the fatty acids from scales and
callus by gas chromatography on capillary
columns produced a similar pattern of acids as
occurs in the surface film lipids. As anticipated
the higher resolution of the capillary columns pro-
duced a much more complex picture of the fatty
acids than that observed with conventional
columns (15); at least ten distinct series of fatty
acids appear to be present in the surface film
lipids, so far only the principal ones of which have
been identified, further details will be published
separately (16).
As compared with surface lipids both scales
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TABLE I
The lipids of psoriatic scales and callus
Psoriasis
Callus5
(a)
1
(b)
55 56 57 58 59 Range and av.
Total lipid (% scale) 9.7 6.5 4.6 9.1 7.7 11.1 8.3 4.6—11.1
Av.8.1
1.7—3.2 (4)t
Av.2.4
Acid no. 39 37 55 41 23 17 28 17—55
Av. 34
13-71 (2)
Av. 42
Phospholipid* (% total 1.00 0.87 0.87 0.90 2.30 2.20 0.60 0.60—2.30 0.27—0.54 (2)
lipid) Av. 1.24 Av. 0.41
Total fatty acid (% total 53 36 36 53 41 0.1 48 0.1—53 41—45 (3)
lipid) Av. 38 Av. 43
Non-saponifiable matter 47 64 64 47 59 99.9 52 47—99.9 55—59 (3)
(% total lipid) Ày. 62 Av. 57
Slerols
Total (% total lipid) 1.00 4.25 2.67 2.80 7.31 1.73 1.70 1.00—7.31
Av.3.07
2.21—5.28 (2)
Av.3.75
Free fast-acting (% total 25.0 10.4 19.5 24.3 15.8 22.0 35.9 10.4—35.9 6.8—22.5 (2)
sterol) Av. 21.8 Ày. 14.7
Free cholesterol (% total 65.0 17.9 76.4 60.0 75.5 29.5 51.2 17.9—76.4 32.1—44.3 (2)
sterol) Av.53.6 Av.38.1
Estercholesterol (%total 10.0 71.8 4.2 15.7 9.7 49.6 12.9 4.2—71.8 33.1—79.4 (2)
sterol) Ày. 24.8 Ày. 56.3
* Calculated as lecithin
I- Number of specimens in parenthesis
and callus contain less unsaturated acids, es-
pecially mono-unsaturated C14 and C16 acids,
though some, but not all, specimens contained
more oleic acid than did the surface lipids. In
general the callus lipids contained somewhat less
unsaturated acids than the scales, but no signifi-
cant differences in fatty acid composition were
observed. Detailed results have not been pre-
sented here but will form part of a more complete
study on the composition of the surface and scale
lipids in psoriasis which is now in progress.
Water Soluble Substance
Analyses of the various water soluble compo-
nents of psoriatic scales and callus are given in
Table II. As compared with callus the following
differences are shown. The total solids are more
variable in the scales and are generally lower;
total nitrogen also has a wider range of variation
with a lower average, of this the protein N is ap-
preciably higher while the non-protein N is ap-
preciably lower than callus. Urea N is lower while
ammonia N is of the same order as that for callus.
Scales show higher values for total phosphorus
than callus, the increase being due to a marked
increase in the organic phosphorus fraction. Free-
reducing substances show much wider variations
for scales than for callus but a similar average
value, of these both the pentoses and desoxy-
ribose show distinctly higher values for scales
compared with callus. With only one subject
6) are the results for free reducing substances
lower than those for pentoses (cf. (2)). Uric acid
also shows wide variations for scales as compared
with callus, and is distinctly raised in some indi-
viduals.
Purine and pyrimidine bases. Portions of the
aqueous extracts (100 l. equivalent to 10 mg.
dry fat-free scales) were spotted onto filter papers
and run with the Wyatt isopropanol-HC1 system
(13). After running the spots were located by
means of a 'chromatolite' and a qualitative evalu-
ation of the relative proportions made. Three
principle spots were obtained with the scale cx-
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TABLE III
Qualitative evaluation of chromato grams of bases
from psoriatic scales and callus
Subject
#1 (2)*
#2 (2)
#3 (1)
#4 (4)
#5 (3)
#6 (3)
#7 (1)
#8 (1)
#9 (1)
#10 (1)
Pool
Callus (5)
Spot
(Ri
0.22)
+
+
±
+
+
+
+
+
±
±
+
Spot
(R1
0.28)
++
++
+
++
++
++
++
++
+
+
+
Spot 3
(R (Ri
0.59) 0.68)
- +++
- +++
- ++
- +++
- +++
- +++
- +++
- +++
- ++
- +++++ -
Other
Spots
None
None
None
Rf 0.60±
Rf 0.54±
R1 0.54+
None
None
None
None
None
None
pH I
0.75
pH I
HYPOXANTHINE
/1\\
220 250 280 310 mu
WAYE L E N GIN
FJG. 3. Ultraviolet spectrum of spot 2, obtained
by paper chromatography of psoriatic scale ex-
tract, compared with that for hypoxanthine.
either scales or callus were treated with silver
nitrate-bromophenol blue only spots 1 and 2 were
stained. Qualitative evaluation of the chroma-
tograms from twenty psoriatic scale specimens is
shown in Table III.
In certain specimens the spots were eluted with
0.1 N HC1 and further studied by UV spec-
troscopy. The UV spectra of spot 1 (R1 0.22) from
scales is shown in Fig. 2, this indicates that the
substance is not guanine (R1 0.23) but xanthine.
The spectra of spot 2 (Rf 0.28) is identical with
that of hypoxanthine (Fig. 3, R 0.28), while spot
3 (R8 0.68) is identical with uracil (Fig. 4, R
0.67). Spots 1 and 2 from callus proved identical
with those from scales, but the 3rd spot could not
be identified; its UV spectrum is shown in Fig. 5.
It showed typical spectra changes with alteration
of pH given XmaX of 271 me at pH 1 and 288 mjz
at pH 10. It could not, therefore, be identified
with any accepted nucleotide base, contained no
ribose, nor was it identical with dihydrouracil or
barbituric acid.
The various bases were estimated quantita-
tively from the UV data giving the results shown
in Table IV. The unidentified base could not be
estimated without knowledge of its molecular
structure but a value of 100 mg./100 gm. scale
would be consistent with a molar extinction co-
efficient of 10 x 10g.
* Figures in parenthesis indicate number of
specimens examined.
z 0
I- U
z
I-
UI
310 nip
WAVELENGTH
FIG.2. Ultraviolet spectrum of spot. 1, obtained
by paper chromatography of psoriatic scale ex-
tract, compared with that of guanine.
tracts with R1 values of 0.22, 0.28 and 0.68 re-
spectively. Callus gave a spot R1 0.59 but no spot
R8 0.68, the other two spots were identical with
those from scales. When the chromatograms for
220 250 280
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FIG. 4. Ultraviolet spectrum of spot 3, obtained
by paper chromatography of psoriatic scale ex-
tract, compared with that of uracil.
Paper chromatography of other components. Por-
tions of the aqueous extract (10—200 pl.) were run
in various solvent systems and the papers de-
veloped in a variety of ways. Runs on samples of
up to 200 M1• (equivalent to 20 mg. scales) of the
extract usiig either butanol-acetic acid, iso-
propanol-water or isopropanol-pyridinc-acctic
acid as solvent system and developed with aniline
phthalate, diphenylaminc-anilinc or silver nitrate-
sodium hydroxide failed to demonstrate a spot
which could be identified as ribose. One dimen-
sional chromatograms of the amino acids (butanol-
acetic acid system) indicated that the amino acids
in scales were similar in nature to those in callus
but that the total amount was reduced to approxi-
mately one third of that for callus. Chromato-
grams of scale extracts, run in isopropanol-am-
monia and treated with Ehrlich's reagent, showed
two spots, a yellow spot (R1 0.37) identified as
urea and a purple spot (R 0.10) which was not
identified. Chromatograms of extracts run in iso-
propanol-HC1 or butanol-acetic acid and treated
with alkaline picratc failed to demonstrate a
visible spot for crcatininc in scales or callus.
Chromatograms (butanol-acctic acid) treated
with fcrric chloride demonstrated the presence of
three phcnolic substances in both scales and callus
20
I..U2
I-
'C
UI
TABLE IV
The nucleic acid bases of psoriatic scales and callus
Base Callus
Psoriatic Scale
(51) (56)
Xanthine
Hypoxanthine
Unknown
Uracil
'Uric acid'
(Pentosc
(nsg./100 gee
53
33
+++
0
7
21
. dry fat-free scale)
127 128
44 71
0 0
110 163
53 41
167 333)
with R1 0.07, 0.16 and 0.30 respectively, while
similar chromatograms stained for phosphates
showed one spot R1 0.20.
Fractionation of water soluble substances. In an
attempt to identify the nature of the pcntosc pres-
ent in the psoriatic scale extracts the fractionation
procedure used by Bolligcr and Gross (17) was
utilized on two of the largest samples (% 5 and
,6). After removal of the trichloroacetic acid
and concentrating the aqueous extract to small
volume a white precipitate was obtained on the
pH I
0.5
20
I-Ua
I-
'C
UI
3
220 250 280 SIomp
WAVELENGTH
220 250 280 310mw
WAVELENGTH
FIG. 5. Ultraviolet spectra of spot 3, obtained by
chromatography of callus extract, recorded at pH
1, 7 and 10.
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DNA RNA
(mg/ISO gm. dry fat-free scale)
Psoriasis1 460 (fl* 186 (1)2 521—780 (2)
Av. 651
260—905 (2)
Av. 583
l3 540 (1) 331 (1)4 109—617 (4)
Av. 423
102—412 (4)
Ày. 255
lt5 638—818 (2)
Ày. 728
440—605 (3)
Av. 503
,6 152—670 (2)
Av. 411
113—405 (2)
Ày. 2597 73 (1) 234 (1)9 400 (1) 346 (1)
Y10 513 (1) 329 (1)
Pool 159 (1) 157 (1)
Callus 6—17 (4)
Av. 10
20—69 (4)
Ày. 40
* Figures in parenthesis indicate number of
determinations.
addition of nine volumes of ethanol. This was a
carbohydrate, did not contain ribose and has
been provisionally identified as glycogen; it
amounted to 1060 mg./100 gm. dry fat-free scale.
After removal of this carbohydrate and concen-
tration of the extract the residual solution still
contained almost the whole of the pentose
originally present. Paper chromatography of this
concentrated extract still failed to demonstrate a
characteristic pentose spot. Treatment of the ex-
tract with barium chloride failed to precipitate any
pentose containing material. Treatment of the
extract with an ion exchange resin (Dowex 50-X8)
removed about 60% of the pentose material but
free ribose still could not be detected chromato-
graphically after this treatment. Electrolytic de-
salting for a prolonged period (1 hr.) did not re-
move any pentose neither could ribose be de-
tected chromatographically after this treatment.
Pure ribose added to any one of the above extracts
could not be detected on the paper chromato-
grams. These results indicate that the pentose is
not present as phosphate, some may be present as
a riboside, but that all extracts contain interfering
substances which prevent the detection of ribose
chromatographically, possibly by some loose
chemical combination.
0.3
0.9
0.2
0.4
0.5
0.1
0.1
02
0.2
0.1
0.1-0.9
0.3
0.01—0.1 (4)*
Av. 0.1
62.2
52.6
59.4
56.6
57.8
60.6
61.9
63.8
62.2
61.8
52.6—638
599
73.3—79.1 (3)
Ày. 76.0
in parenthesis indicate number of
Nucleic Acids
Assay of the citrate extracts for DNA and RNA
gave results as shown in Table V. These results
indicate that the psoriatic scales contain appreci-
able amounts of DNA, there is in fact much more
DNA than free desoxyribose (ci. Table II). The
DNA of the parakeratotic psoriatic scale is in-
completely broken down ('nuclear remnants').
There is also a relatively large amount of RNA
but less than the amount of water soluble pentose,
suggesting that the presence of the RNA is due to
excessive formation rather than defective break-
down. Callus contains almost negligible amounts
of DNA and RNA.
Soluble and Insoluble Keratins
Determination of these fractions gave the
results shown in Table VI. The relatively larger
amounts of soluble keratins in psoriatic scales as
compared with callus, previously demonstrated
by Fleseh and Esoda (2), is here confirmed.
DISCUSSION
This study of the chemical composition of the
scales from psoriatic subjects has yielded results
in general agreement with those obtained by other
workers but some differences have been observed.
In common with other workers on this subject the
TABLE V
The DNA and RNA content of psoriatic
scales and callus
TABLE VI
The SH-keratin and insoluble 'keratin' in
psoriatic scales and callus
SH-Keratin Insoluble 'Keratin'
(gm/lOS gm. dry fat-free scale)
Psoriasis
,0
Pool
Range
Average
Callus
* Figures
determinations.
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composition of the psoriatic scales have been
compared with that of callus obtained from nor-
mal subjects. Such a comparison can only be
justified on the grounds of expediency and in
order to make valid comparisons with the results
of other workers; it does not imply that callus is
regarded as identical with normal stratum cor-
neum. Interpretation of the results of such a com-
parison must be made with caution. Other
keratinous structures have been studied from the
point of view of the water soluble components
by Bolliger and Gross (17), the materials studied
were dandruff, hair and nails. The results of these
investigations together with those of Flesch and
Esoda (2) on callus and psoriatic scales have been
summarized in Table VII.
Several points of interest arise from this com-
parison. Somewhat different extraction proce-
dures have been used by the various workers e.g.
Flesch and Esoda use mechanical grinding while
Bolliger and Gross extract the water solubles with
hot water. In the present work both of these pro-
cedures have been avoided, mechanical grinding
has been shown to cause solubilization of kerati-
nous materials (5), while hot water would cause
both coagulation of the soluble proteins and also
hydrolysis of the nucleic acids. With the reserva-
tion that different procedures would give some-
what different results the following comments can
be made. As a general rule Bolliger and Gross ob-
served that the total non-keratin nitrogen was
many times higher in mammalian skin flakes as
compared with hair. Our figures for both callus
and psoriatic scales are many times higher than
the results for human hair and somewhat higher
than those for dandruff. Our results for callus
give values for both urea and ammonia much
higher than the results for dandruff, hair or nails.
The values for uric acid content of all materials
was of the same order. There are distinct differ-
ences in the results for reducing substances,
pentoses and desoxyribose. Present results for
free reducing substances in callus and psoriatic
scales are of the same order as those for dandruff,
relatively higher than those for hair and nails, but
are much higher than the results of Flcsch and
Esoda for either callus or scales; in only one case in
the present series was the free reducing sub-
stances lower than the result for pentoses (cf.
(2)). Even greater differences are observed in the
pentose results. Our results for both callus and
scales are distinctly lower than those of Flesch
and Esoda. This may be due to the different ex-
traction procedures used since our results are for
soluble pentoses only and (10 not include RNA
pentosc which is not extracted in our procedure.
The extraction procedures used by the other two
groups of workers would undoubtedly extract
some, if not all, of the RNA, hence the pentose
determinations of such extracts would be signifi-
cantly higher than those obtained in our, less
drastic, extraction method. Similar differences
occur in the desoxyribose estimations and this is
also probably due to breakdown of the DNA dur-
ing the extraction process.
From this comparison of the results of three
different groupi of workers we feel justified, at
this state, of making the following generalization.
While callus may not represent normal stratum
corneum nevertheless, as far as the composition
of the water soluble fraction is concerned, it is
definitely different from human hair and nails
and is, in all probability, very similar to stratum
corneum. The previously observed increases in
pentoses and soluble proteins, and the decrease in
free amino acids would represent a real difference
between psoriatic scale and normal stratum
corneum.
Two new differences between callus and
psoriatic scale have been observed in this investi-
gation, namely the marked increase in organic
phosphate and the presence of an appreciable
amount of uracil, a substance which was not de-
tected in callus. While these results must again be
interpreted with some reservation it is the
authors' considered opinion that these, too, repre-
sent real differences between normal stratum
corneum and psoriatic scale. Indeed this is the
first occasion that uracil has been demonstrated
to be present in any keratinous structure. Final
interpretation must rest on the results of analyses
of normal stratum corncum. The collection of
sufficient material for this analysis, from several
hundred subjects, is in progress.
Catabolism of nucleic acids is intimately re-
lated to the process of keratinization. Before the
horny layer can be finally formed the nuclear and
cytoplasmic nueleoproteins of the epidermal cells
must be eatabolized. Bolliger and Gross (18) first
observed that the products of this catabolism are
retained in the keratinous structures of many
species of snakes, birds and mammals. Further-
more present biochemical thinking implicates
RNA in the synthesis of proteins, the concept
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being that the RNA acts as a template for the
formation of the correct amino acid sequences in
the peptide chains of the protein molecule (cf.
(19)). The suggestion that RNA plays a role in
keratinization has been made by Achten (20) who
observed that during embryonic development
both RNA and tonofibrils appear in the epidermis
at the same time. Hence the study of the nucleo-
protein catabolism of the epidermis is essential
for our full understanding of the keratinization
process of normal skin and also of pathological
skin. It will enable us to understand more fully
those skin diseases in which an apparent ab-
normality in keratinization exists. The first step
in such a study is the identification and determi-
nation of the products of epidermal nucleoprotein
catabolism.
The accepted pathway of RNA-nueleoprotein
catabolism in mammalian tissues is shown in
Fig. 6. The pathway of DNA-nueleoprotein
catabolism is similar except that desoxyribose
takes the place of ribose and thymine takes the
Rl'JA-Nucleoprotein
RNA Protein —e Amino fields
Nucltotides (adenylic, guanylic, cytidylic, uridylic acids)
Phosphate
Nucleosides (adenosine, gsanosine, cytidine, uridinel
ftbose
OH IIH 0
-L)? -L) L)
01
Nt1CNH.CH5.CH0.C0OH
fi-ureido—propionle acid
NH5. CO5 + NH5CH5CH2COOH
place of uracil, with corresponding changes in the
derived compounds. Thymine would be eatabo-
lised to dihydrothymine, f3-ureidoisobutyrie acid,
$-aminoisobutyrie acid and finally ammonia and
CO2. It can be tentatively assumed, at least until
evidence accumulates to the contrary, that the
catabolism of the nucleoproteins follows a similar
pathway in the human epidermis as it does in
other mammalian tissues. In both callus and
psoriatic scale the purines adenine and guanine
are metabolised to the hypoxanthine and xanthine
stage with some conversion to uric acid: it is not
yet possible to decide whether these bases are
actually metabolised further even though this
would not be consistent with the high urieotelie
index of man. The pathway of catabolism of the
pyrimidines is more obscure. In callus no cytosine,
uraeil or thymidine have been detected. The un-
identified base present in callus is of interest from
this point of view, it is not identical with dihy-
drouracil or dihydrothymine (the next catabolic
products) nor is it identical with barbituric acid
which has been shown to be an intermediate in
pyrimidine metabolism in certain bacteria (21).
The establishment of its identity may clarify our
knowledge of the pathway of the intermediate
metabolism of nucleic acids during keratinization,
but it is by no means certain yet that this sub-
stance does in fact arise from the epidermal
nucleic acids; it may come from an entirely differ-
ent source.
The finding of uracil in psoriatie scale is of con-
siderable interest; there are a number of explana-
tions for its presence:
1. It may be unrelated to nucleic acid catabo-
lism and may be derived from another
source e.g. uridine diphosphoglueose, UDPG.
2. The RNA of psoriatic epidermis may con-
tain an unusually high proportion of uracil.
3. There is a defect in the synthesis of the RNA
required for keratin synthesis resulting in an
accumulation of uracil.
4. There is a defect in the catabolism of the
pyrimidines such that the uracil is incom-
pletely eatabolised; the TNP catalyzed re-
action uracil —* hydrouracil has been shown
to be a rate limiting stage in pyrimidine ca-
tabolism (22).
The evidence at present available does not
permit a definite selection of any one of these pos-
sibilities. The first is considered unlikely. The
second and third present an intriguing possibility
Cytosine Urocil
I
Dihydrourocil
Adenine Guanine
A, J(:0
Hyposanthine Xanthins
Uric Acid
*
Allar,toin
*
Urea
fl-alanine
Urea
FIG. 6. The pathway of ribonucleoprotein cat-
abolism.
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since they suggest a possible atypical nucleotide
sequence in the RNA of psoriatie epidermis. If
RNA does in fact provide a template for the cor-
rect amino acid sequence in a polypeptide chain
then an abnormal nucleotide sequence would
result in the formation of an abnormal protein.
Taking this in conjunction with other evidence of
defective epidermal protein metabolism in
psoriasis (2) it is possible to propound an hy-
pothesis of psoriasis pathogenesis which would be
consistent with all of the generally accepted
theories for psoriasis viz, biochemical defect,
genetic, viral and allergic. Such an hypothesis
must await further evidence from the study of
nucleotide sequences in the RNA isolated from
psoriatic scales and epidermis. The fourth possi-
bility is perhaps the most likely though it is diffi-
cult to understand why cytosine and thymine do
not accumulate at the same time,
Other differences in the nucleic acid catabolites
of callus and psoriatic scale are of interest. While
the hypoxanthine and xanthine content of the
scales is about double that for callus the pentose
content is more than ten times. It is difficult to
explain this difference. Pentoses are much more
soluble in water than the bases and would be
more readily leached from the horny layer by
washing and sweat, but the difference is larger
than such an explanation would imply.
It has not been possible to identify the exact
nature of the pentoses present in psoriatic scales.
It is reasonable to assume that the pentose con-
cerned is ribose, but all scale extracts examined
contain interfering substances which prevent the
detection of ribose by chromatographic proce-
dures. The suggestion by Szakall (23) that the
ribose may be chemically combined with amino
acids could explain this difficulty since all at-
tempts to remove the interfering substances have
been unsuccessful.
Both DNA and RNA appear to accumulate in
the psoriatic scale. This has been interpreted as
being due to impaired breakdown in the case of
DNA and to excessive formation in the case of
RNA.
Evidence is now accumulating to explain the
exact nature of the defect in keratinization in the
psoriatic skin. The most acceptable explanation
is that in psoriasis the tonofilaments are unable to
aggregate and incorporate lipid to form the final
keratin fibers of the horny layer (24, 25). The
reason for this failure is not at present clear since
the terminal stages of keratin formation are not
fully elucidated. It may be that, due to steric
differences in the arrangement of 511 and other
groups in the psoriatic tonofilaments, the cross-
linkages necessary for aggregation cannot be
formed. This would imply an abnormal peptidc
chain in the keratin, and while Rothberg (26) has
demonstrated small peptide differences in pso-
riatic keratin it is difficult yet to evaluate the full
significance of his work. Further investigations of
normal and psoriatic keratin are necessary to
establish any real difference. Such investigations
are proposed. The role of lipids in the keratiniza-
tion process is also still obscure. There appears to
be definite incorporation of lipid into the keratin
at the final stage of its formation and since this
final step is defective in psoriasis it may entail a
lipid abnormality. This aspect of lipid metabo-
lism, too, requires further investigation.
SUMMARY
1. The chemical composition of twenty speci-
men of scale from psoriatie subjects has been
studied and compared with the composition
of normal callus.
2. The observations of previous workers have
been confirmed and in addition much higher
values for organic phosphorus have been ob-
served in psoriatic scale as compared with
callus.
3. The presence of an appreciable amount of
uracil has been demonstrated in psoriatic
scale; this substance could not be detected
in callus.
4. As compared with callus the scales contain
relatively large amounts of DNA and RNA.
5. The implications of these findings in under-
standing the etiology of psoriasis have been
discussed in detail.
The authors are indebted to Mr. J. McLennan
and Mr. Floyd Martin, B.S., for technical
assistance.
ADDENDUM
In a recent paper 0. Braun-Falco and K. Salfeld
(Derm. Wschr., 32: 869, 1959) have also demon-
strated the increase in total phosphorus of the
water soluble components of psoriatic scale.
Though implicit in their work they have not
specifically stressed, that this increase is largely
in the organic phosphorus fraction. The remark-
able parallelism between the values for total phos-
phorus given in the present paper and those of
Braun-Falco and Salfeld is noteworthy.
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DISCUSSION
DR. EUGENE J. VAN SCOTT (Bethesda, Md.): Scales from the trunk must be compared to nor-
A recurring mistake, in the past I have also made mal stratum corneum scraped from the trunk, or
the same error, is to use plantar callus as the perhaps to whole epidermis since most scales
normal tissue for chemical comparison to scales
from the skin generally. Callus is structurally,
physically and chemically different from normal
studied are parakeratotic.
In regard to a virus etiology of psoriasis,
electron micrographs of psoriatie epidermis have
stratum eorneum from other body areas. To not revealed anything that looks like a virus
chemically compare scales to callus makes just as particle.
much sense as comparing scales to hair or nails. DR. STEPHEN ROTHMAN (Chicago, Ill.): I be-
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lieve comparison of normal scraped-off scales
with scales of psoriasis lesions would have been
more appropriate than to use calluses because
callus; of course, is an abnormal keratinization
product. For instance, as Dr. Wheatley has just
shown, callus does not contain free amino acids
while the normal horny layer contains large
amounts. I wonder if the interesting finding of
large amounts of uracil in psoriatic scales is not
simply an expression of incomplete decomposition
as it is known to occur in accelerated keratiniza-
tion, i.e., in parakeratotie processes. The compo-
nents of RNA are not as thoroughly decomposed
in psoriatie lesions as they are if keratinization is
normal. Many years ago we demonstrated
(Snider, B. L., Gottsehalk, H. R. and Rothman,
S.: J.I.D., 13: 323, 1949) that this is the ease
with choline, another basic eytoplasmic com-
ponent.
Dn. GEao K. STEIGLEDER (New York, N. Y.):
Histoehemically it has been demonstrated that
RNA is preserved in psoriatie scales (Steigleder,
G. K., Proc. Tnt. Congr. Dermat. Stockholm,
1957, p. 383—390, Arch. klin. exp. Dermat. 207,
209—229, 1958). Histoehemical findings suggest
that the acceleration of keratinization found in
psoriatic parakeratosis is responsible for the pres-
ence of these compounds in the stratum corneum.
Du. VICToR R. WHEATLEY (in closing): Re-
garding the question of using callus as our normal
control, I realize here that we are faced with
definite limitations. Ideally one wants to use
normal stratum eorneum and thus avoid the
question whether callus is normal. We need fairly
large samples for chemical analysis, and since
callus is easily accessible it is used for that reason.
I should perhaps stress here that our work is
somewhat preliminary; it is the beginning of more
extensive studies and at present I am looking for
gross changes to follow up. Dr. Rothman has also
stressed the callus problem.
With regard to a virus etiology, I realize that
is questionable in psoriasis. For that reason I say
that if we are looking for virus in psoriasis it has
to be something much smaller than the normally
acceptable virus. This would not be easily demon-
strable by any method and not easy to culture.
It would not be easy to treat. We certainly could
not demonstrate it by electron microscopy or any
other means.
Returning to Dr. Rothman's questions, the
most acceptable concept of the incomplete kera-
tinization of psoriasis is that the keratin forma-
tion goes to tonifibril stage but fails to go to com-
pletion. This could be due to an increased epi-
dermopoesis, to us a word Dr. Lorincz has coined,
and the whole process is going on so rapidly that,
for that reason alone, it does not go to completion.
With regard to amino acids, I said nothing about
amino acids. The technic of paper chromatog-
raphy we have used would not have demonstrated
amino acids. They are definitely present in
psoriatie scale and callus. We did not make
quantitative determinations but the overall
picture is that they are roughly the same in nature
in both callus and in psoriatie scale but in the
scales from psoriasis the amount if reduced to
about one-third of the normal level.
Dr. Steigleder, I think you or I missed the point
here. We very definitely demonstrated free RNA
in the psoriatie scale. It is there in very large
amounts, some 20 times or more than that found
in callus.
